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Full-dose and Half-dose Klean Prep Produce Clearer Images 
with Iliac Duplex Examination than Picolax 
M. S. Whiteley*, A. D. Fox, R. A. Harris and M. Horrocks 
Department of Surgery, Royal United Hospital, Combe Park, Bath BA1 3NG, U.K. 
Objectives: Iso-osmotic bowel preparation (Klean Prep) improves the accuracy of iliac duplex examination and reduces 
the time of each examination. Full-dose Klean Prep entails 41 of fluid. We studied the effect of 2I of Klean Prep (half- 
dose) and Picolax on image quality. 
Design: Prospective study comparing clarity of duplex examination after three different bowel preparation regimes with 
that after 12 h starvation. 
Materials and Methods: Thirty patients underwent iliac duplex examination after 12 h starvation. Scans were scored 
subjectively for grey scale and colour image quality, and Doppler signal-to-noise ratio. Patients were allocated blindly 
to: (a) full-dose Klean Prep, (b) half-dose Klean Prep, or (c) Picolax. After out-patient preparation, the scan was repeated 
and scored by the same observer, blinded to the preparation. 
Results: Both full- and half-dose Klean Prep produced significant improvements in image quality for all three modalities; 
Picolax produced minimal change. There was minimal advantage of fulI-dose over half-dose Klean Prep. Patients preferred 
half-dose Klean Prep to full-dose. 
Conclusion: Klean Prep significantly improves the image obtained by iliac duplex examination; Picolax does not. Half- 
dose Klean Prep is an acceptable preparation to patients. 
Key Words: Duplex ultrasound; Bowel preparation; Peripheral vascular disease. 
Introduction Patients and Methods 
Iso-osmotic bowel preparation (Klean Prep, Norgine 
Ltd, U.K.) increases the visibility of the iliac arteries 
to duplex ultrasound 1 and this leads to improved 
diagnostic accuracy and reduced examination time. 2
Preparation for iliac artery duplex examination with 
a full dose of Klean Prep involves the ingestion of 41 
of isotonic fluid. This is a large volume for elderly 
patients to take at home and so it would be ad- 
vantageous if this volume could be reduced by half, 
whilst maintaining the advantages of improved uplex 
visibility. 
Picolax (Sodium Picosulphate, Nordic/Ferring, 
U.K.) has been used for several years as an out-patient 
preparation for barium-enema examination and colon- 
oscopy. As this preparation has a proven track record 
of being used on an out-patient basis for bowel pre- 
paration it might also be an alternative to full-dose 
Klean Prep, provided that it produced a similar im- 
provement in visibility with iliac duplex examination. 
* Please address all correspondence to: M. S. Whiteley, Clinical 
Lecturer in Surgery, Nuffield Department of Surgery, John Radcliffe 
Hospital, Headington, Oxford OX3 9DU, U.K. 
Ethical approval was sought and obtained from the 
local ethical committee. As this study involved both 
the fasting of patients at home and subsequent out- 
patient preparation with a bowel preparation, ex- 
clusion criteria were selected to be insulin-dependent 
diabetes and severe immobility. There was no selection 
as to obesity, as previous experience had shown us 
that faeces and gas obscured the iliac arteries even in 
slim individuals. 
Thirty patients with clinically suspected iliac artery 
occlusive disease were enrolled into the study. There 
were 17 males and 13 females With a mean age of 67 
years (range 53-82). Risk factors were present in the 
following patients: 26 were current or ex-smokers with 
a mean of 47.3 pack-years (range 12-142), 12 had a 
history of hypertension and five were non-insulin 
dependent diabetic. Intermittent claudication was the 
reason for investigation i 26 of the patients with two 
having rest pain and two having leg ulcers. 
Three regimes of bowel preparation were to be 
compared: 
(a) Full dose Klean Prep - 2 1 of Klean Prep were 
ingested between 14:00 and 16:00 and a second 2 1 
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ingested between 18:00 and 20:00 the night before 
the examination. No food could be taken until 
after the scan although clear, non-carbonated fluids 
were allowed throughout this period. 
(b) Half dose Klean Prep - 21 of Klean Prep were 
taken between 18:00 and 20:00 the day before the 
scan. Once again no food was allowed but clear, 
non-carbonated fluids were permitted. 
(c) Picolax - One sachet in water was taken at 08:00 
and a second between 14:00 and 16:00 the day 
before examination. 
1993, U.K.). Patients were asked to indicate their per- 
ception of the experience of taking the bowel pre- 
paration on a 10 cm visual analogue scale. On this 
scale, 0 indicated that the experience had been of 
negligible impact, whereas 10 indicated that it was the 
worst thing that they had ever undergone. Patients 
were also asked if they would be happy to take the 
same bowel preparation again if they were asked to 
do so. Possible responses to this were: yes, yes with 
reservations, or no. 
The 30 patients were divided into three groups of 
10 by the blind drawing of sealed envelopes. Each 
patient was given two appointments for iliac duplex 
examination, each i week apart. An Ultramark 9 HDI 
(ATL, U.S.A.) was used for each of the scans. The first 
examination was performed after 12h starvation, a
recognised standard preparation for iliac duplex ex- 
amination, and this was used as the baseline scan. The 
second examination was performed after one of the 
three regimes of bowel preparation listed above. By 
comparing the second scan with the baseline scan, 
each patient acted as their own control with any 
difference in scoring being due to the effect of the 
chosen bowel preparation. 
Patients were asked to complete a visual analogue 
scale as to the acceptability of their bowel preparation 
at their second visit. They were also asked if they 
would be prepared to take the same preparation again 
in the future. 
Scans were performed by a single blinded observer 
and were scored by a subjective assessment of the 
duplex image that we have previously described. 1 
Fifteen individual points in the aortoiliac region were 
examined. These were the distal aorta, proximal, mid 
and distal common iliac arteries, proximal internal 
iliac arteries and proximal, mid and distal external 
iliac arteries. Each point was given a score on a visual 
analogue gaug e between 0 and 10 for each of three 
modalities. The modalities examined were grey scale 
image, colour flow image and signal to noise ratio of 
the Doppler waveform. The score 0 was given for no 
signal at all and 10 represented a perfect image or 
signal. 
The results for each modality were filed away until 
the end of the study. Once completed, the results were 
analysed within the three groups of differing bowel 
preparations. Results for each of the three modalities 
in each of the 15 pre-selected positions were analysed. 
Differences between the baseline and second ex- 
aminations were examined for statistical significance 
using 95% confidence intervals for two groups (Clinstat 
Clinical Statistics System Vet. 1.01, Clinical Statistics 
Results 
The baseline scores for each of the three modalities, 
grey scale, colour mapping and Doppler signal~to- 
noise ratio in each of the 15 arterial segments, howed 
no significant differences between these groups. 
Results after each preparation were reported as 
mean changes from the baseline score for each mod- 
ality in each position and are shown graphically in 
Figs 1-3. 
The grey scale image was shown to be greatly 
enhanced by the use of full-dose Klean Prep (Figs 4 
and 5) and there was a significant improvement in 
image quality in each of the 15 positions (Fig. 1). Half- 
dose Klean Prep showed a similar improvement in 
image quality although it was lesser in magnitude 
than that found with the full dose. These im- 
provements were statistically significant in 14 out of 
the 15 pre-selected positions. 
Picolax produced a "speckled" image presumably 
due to a small pocket of gas within the residual fluid 
with bowel lumen (Fig. 6). This produced poor grey 
scale images and there was little improvement found 
over the baseline scan. In three of the 15 positions 
there was a worsening of the image, although this did 
not reach statistical significance. 
A similar pattern was seen in the assessments of
the colour mapping (Fig. 2). Full-dose Klean Prep 
produced significantly improved colour mapping im- 
ages over baseline scans in seven out of the 15 po- 
sitions. Half-dose Klean Prep showed a similar 
improvement of colour mapping image quality, show- 
ing a significant improvement in six out of the 15 
positions. Picolax, however, showed minimal im- 
provement, with only two of the 15 positions howing 
any significant improvement in image quality. 
Assessment of the Doppler signal-to-noise ratio was 
found to be improved by a similar amount by both 
full-dose and half-dose Klean Prep (Fig. 3). Full-dose 
Klean Prep produced a significant improvement in six 
of the 1.5 positions and half-dose Klean Prep in eight 
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Fig. 1. A graph showing the mean visual analogue score (VAS) for grey scale image in each of the 15 locations examined, for each of the 
three preparations. Values shown as change from 12h starving VAS. ([]) KP full dose; ([]) KP half dose; (D) Picolax. #=significant a
95% Confidence. 
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Fig. 2. A graph showing the mean visual analogue score (VAS) for grey scale image in each of the 15 locations examined, for each of the 
three preparations. Values shown as change from 12h starving VAS. ([]) KP full dose; ([]) KP half dose; ([]) Picolax. #=significant a
95% Confidence. 
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Fig. 3. A graph showing the mean visual analogue score (VAS) for grey scale image in each of the 15 locations examined, for each of the 
three preparations. Values hown as change from 12 h starving VAS. ([]) KP full dose; ([]) KP half dose; (r~) Picolax. # = significant at 
95% Confidence. 
Fig. 4. Grey scale ultrasound image of iliac artery after 12 h starving. 
Acoustic shadow from faeces/bowel gas is obscuring the iliac 
bifurcation and proximal external iliac artery. 
of the 15 positions. Picolax produced minimal change 
and none of the improvements found reached stat- 
istical significance. 
Scores from the visual analogue scale showed that 
there was no difference in the subjective xperience 
of taking any of the bowel preparation regimes (Table 
1). No patient felt that they would refuse to take the 
same preparation if asked to on another occasion, 
although two additional patients expressed some re- 
servation in full-dose Klean Prep group when com- 
pared to the two other groups (Table 1). 
Fig. 5. Grey scale ultrasound image of iliac artery after full-dose 
Klean Prep. (Picture reproduced with kind permission from WB 
Saunders - Vascular Imaging for Surgeons; ed, Greenhalgh RM.) 
Discussion 
Duplex ultrasonography as the potential to replace 
diagnostic angiography in investigating patients with 
peripheral vascular disease. It has been shown to be 
as accurate as diagnostic angiography in the femo- 
ropopliteal segment 3~ and with the addition of pulse 
generated run-off, accurate assessment of the whole 
infrainguinal segment can be made non-invasively. 6 
In order to replace diagnostic angiography, accurate 
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Fig. 6. Grey scale ultrasound image of iliac artery after Picolax. 
"Speckled" acoustic shadowing from faeces/bowel gas is obscuring 
the distal common iliac artery, iliac bifurcation and proximal external 
iliac artery. 
Table 1. Table showing patient acceptability of each bowel pre- 
paration. (VAS =Visual  analogue score; see text for details.) 
n = 10 Klean Prep Klean Prep Picolax 
full-dose half-dose 
Mean score on 3.7 (1-6) 3.9 (0.5-7.5) 4.1 (0.5-8) 
VAS (range) 
Significance N.S. N.S. N.S. 
95% CI) (95% CI = (95% CI = (95% CI- 
2.5-4.9) 2.5-5.3) 2.5-5.7) 
3 5 5 Would take 
again 
Would take 
again with 
reservations 
Would not take 
again 
7 5 5 
0 0 0 
duplex assessment of the aortoiliac segment is re- 
quired. The best figures from experienced investigators 
show that sensitivities of 84-92% can be attained with 
this examination. ~9 However, iliac artery duplex ex- 
amination of the iliac arteries is time-consuming 1° and 
technically demanding. This is due to the position of 
the iliac arteries and both the small and large bowel 
overlying them. 
We have previously shown that outpatient pre- 
paration of the bowel by an iso-osmotic bowel pre- 
paration, Klean Prep (Norgine Ltd, U.K.), can 
significantly improve the visibility of the iliac arteries 
to duplex ultrasonography. 1 Further, we have shown 
that this improved viability leads to an increased 
diagnostic accuracy of the technique whilst sig- 
nificantly reducing the time taken for each ex- 
amination, 2 and so improves accuracy whilst 
increasing efficiency. Although it is harder to insonate 
the iliac vessels in obese patients, these advantages of 
increased accuracy and reduced time of examination 
were found after iso-osmotic bowel preparation in 
patients of all sizes. 
This study was undertaken to ascertain whether a 
reduced volume of Klean Prep would produce the 
same improvement in clarity as the full 4 1 dose. A 
reduction in the volume to be ingested would be 
preferable in a population that is, by the nature of the 
disease, generally elderly. Halving the volume of the 
Klean Prep produced an improvement in the grey scale 
image over the baseline scan, but the improvement was 
not quite as dramatic as the full dose. There was no 
significant difference between half- and full-dose Klean 
Prep in improvement of colour mapping and signal 
to noise ratio. Therefore, the volume of the preparation 
may be halved if the marginally less clear grey scale 
image is accepted. 
There is considerable xperience in British radio- 
logical departments of using Picolax as an outpatient 
bowel preparation and so there would have been 
advantages if this produced similar improvements in
imaging of the iliac arteries. Unfortunately, Picolax 
produced minimal improvement in any of the three 
modalities and so appears to have few, if any, ad- 
vantages over 12 h starvation. 
As this is proposed as an outpatient preparation, 
patient acceptability of these different preparations 
must be taken into account. There were no statistical 
differences between the three regimes studied. How- 
ever, it was noted that both half-dose Klean Prep and 
Picolax had five patients willing to take them again 
without any reservations, compared with only three 
who took the full dose of Klean Prep. 
In conclusion, Klean Prep, an iso-osmotic bowel 
preparation, improves the visibility of the iliac arteries 
to duplex ultrasound examination and increases the 
accuracy to equal the best reported series whilst re- 
ducing the amount of time required for each individual 
examination. We have shown that Picolax, a stimulant 
laxative, does not offer the same improvement in 
improved image quality and is therefore unlikely to 
improve the accuracy of this technique over simple 
12 h starvation. There appears to be little to choose 
between full- or half-dose Klean Prep in terms of 
improvement of image quality and so, in view of the 
better patient acceptability and halved cost of the 
product, we would recommend 2 1 (half-dose) of Klean 
Prep as the best available preparation before iliac 
duplex examination. 
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